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Abstract 
A low cost and highly mechanically flexible 8x8 pressure matrix sensor with dedicated electronics has been 
fabricated with an innovative metal-elastomer composite material. Under the action of a compressive stress the 
material exhibits a giant piezoresistive effect varying its electrical resistance of several orders of magnitude. This 
phenomenon can be tuned by changing the material composition parameters, directly modifying the sensitivity of the 
sensor. The micro casting fabrication technique, used for the preparation of self standing sheet of functional material, 
gives the possibility of easily fabricating complex-shaped structure suitable for integration on robot surface for tactile 
sensing. The sensor has been tested with a customized electronic circuit after an exhaustive characterization of the 
functional properties of the material.
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
The integration of robots in complex human environments is becoming a focus point in the robotics 
field, and for the next robot generations advanced in-hand manipulation tasks are mandatory. In order to 
satisfy these requirements, a continuous monitoring of the pressure applied at all the contact points should 
be assured by a network of tactile sensors. Among different working principles for robotic tactile sensing 
presented in literature, the piezoresistive composites have the advantages of flexibility, mechanical 
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robustness, insensitivity to overload and simple and low cost fabrication techniques [1]. This work 
presents the fabrication of a flexible and conformable piezoresistive tactile sensor. The developed 
innovative functional material is based on the tunneling conduction mechanism in copper-elastomer 
composite. As already reported for other metal-polymer hybrid systems obtained with nickel [2] and gold 
particles [3], a giant piezoresistive behavior can be obtained.  
In our composite samples copper particles are intimately coated by the polymer that avoids any 
physical contact between them. This results in an insulating electric behavior when no mechanical 
deformation is applied to the specimens, even above the expected percolation threshold [4].  When the 
samples are subjected to a compressive strain, the gap of the insulating layer between the metal particles 
is reduced causing an exponential increase of the probability of the electrons to tunnel between neighbor 
particles. As a consequence the electrical conduction of the specimens increases of various orders of 
magnitude.  
This phenomenon is promoted by the characteristic shape of the particles, presenting multi branch 
micro structures covered by very sharp nanometric spikes on the surface. Furthermore this morphology 
helps the polymer to intimately coat the filler, avoiding physical contact between close particles. 
2. Experimental  
Self standing thin sheets of copper-PDMS composite were obtained with a micro casting technique 
that allows large degree of freedom on shape and dimensions of the final sample [2]. The functional 
material was prepared dispersing from 150 to 250 parts per hundred resin (phr) by weight of copper 
powder (POMETON Ltd. - LT10) in the elastomer base of a bi-component polydimethylsiloxane (Dow 
Corning Corporation - SYLGARD 184). After a first gentle mixing, in order to avoid the disruption of the 
tips on the particles surface, the PDMS curing agent was added to the blend in the ratio of 1:10 by weight 
respect to the PDMS base. The resulting paste was then mixed manually again, poured in Poly(methyl 
methacrylate) (PMMA) molds realized by milling techniques and outgassed under vacuum for 1 hour at 
room temperature. After all the air bubbles were eliminated, the composite was thermally cured at 75ºC 
for three hours.  
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Fig. 1. (a) FESEM image of copper-PDMS composite, (b) image of a thin sheet of piezoresistive composite sample 
with the deposited electrodes.  
Field Emission Scanning Electron Microscopy  (FESEM) observations on the cured composite showed 
the spiky morphology of the particles and their uniform distribution inside the polymer matrix (Fig.1(a)).  
After material synthesis, metal electrodes were deposited by radio frequency (r.f.) magnetron 
sputtering on both the sample sides. Electrodes were patterned in the shape of strips, 8 on each side, in a 
way that they perpendicularly crossed the projection of the strips deposited on the opposite sample side, 
thus creating an 8x8 matrix of nodes (Fig.1(b)). Each strip consisted of a first layer of titanium, working 
as adhesion layer, and a film of silver. Each line was then connected to a similar pattern on Cu-metalized 
polyimide through conductive silver paste. Finally the sensor was passivated with a few micrometer thick 
layer of pure PDMS by spinning technique.  
3. Results and discussion 
Since the functional material is composed by two different components, the variation of their mutual 
concentrations tunes the composite piezoresistive response, modifying as consequence the sensitivity of 
the final sensor. Higher metallic filler quantity means a higher pressure sensitivity since the tunnelling 
gap between close particles in the undeformed state is smaller than in composites with a lower metallic 
content. This gap is further reduced when the sample is compressed. An example of the functional 
response of the copper-PDMS is shown in Fig. 2(a) for samples with a thickness of 1 mm. All the 
compositions exhibit an insulating behavior without any applied pressure. The electrical resistance of the 
undeformed sample is higher than 100 M, confirming that the copper particles are completely covered 
by the polymer, as already shown in FESEM image, and there are no conductive paths inside the 
composite. Under the application of a compressive pressure the resistance of the samples decreases of 
several orders of magnitude. At 2 MPa the sample of 250 phr suffers a variation of around eight orders of 
magnitude while the 200 phr composition of seven orders and the 150 phr of just three.  
The shape and dimension of the sheet of copper-PDMS composite is another fundamental parameter 
determining the pressure sensitivity of the sensor. As is possible to notice in Fig. 2(b) the functional 
material presents a highly nonlinear relationship between resistance and thickness. The value of resistance 
in the undeformed state is again very high for all the specimens, while under compression the pressure 
sensitivity is much higher for thinner samples.  
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Fig. 2. Piezoresistive response of copper-PDMS composites as a function of (a) metal content (thickness of 1mm) and 
(b) thickness (copper content of 250 phr).
After an exhaustive characterization of the functional properties of the material, the sensor has been 
connected to a customized electronic circuit, realized on a printed circuit board (PCB), able to monitor the 
resistance value in each node of the sensor matrix. A basic schematic of the circuit is presented in Fig. 
3(a). Each of the 64 nodes of the tactile sensors is investigated with a voltage of 2.5 V through two 
multiplexers with a scanning frequency of the whole matrix of 20 Hz. The generated current signal is then 
converted in a voltage one with the logarithmic converter in order to exploit all the huge dynamics of the 
functional material. The signal is then transmitted to the PC where the developed software converts, 
through a previous calibration step, the voltage signal in pressure values.  Then, the graphical interface 
saves and shows the applied pressure on the 8x8 matrix (Fig. 3(b)). 
  
Fig. 3. (a) Basic schematic of the sensor dedicated electronic and (b) image of the graphical interface of the sensor 
electronic. 
4. Conclusion 
It has been shown a simple, fast and economic route for the realization of a mechanical flexible 
piezoresistive sensor based on metal filler – polymer matrix composite. The possibility to tailor the 
pressure sensitivity controlling the composition and the thickness of the functional material makes this 
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composite a good candidates as sensitive elements for a wide range of application and not only as robotic 
tactile sensor. 
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